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Comparativp[ 3 ’ few inv'eatigations have been 
reported concerning the tissue distribution of 
nicotine. Furthermore, these studies show wide, 
discrepancies as reviewed b\' Larson cf al, (1961). 
In order to try to elucidate the reason for these 
diverging results the phj'siologieal disposition 
of C^-labellcd nicotine has been studied using 
whole bodj- autoradiograiihj- in combination 
with radioassay. 

Ylien performing tissue distribution studies 
using C'*-labeIIed nieotine it is necessarj' to in¬ 
clude investigations of nicotine metabolism. 
.Autoradiography as well as radioa.ssaj- are based 
onh' on the presence of the radioactive indicator 
but do not give am^ discrimination between the 
])arent substance and its possible metabolites. 
The tissue distribution studies have therefore 
been supported with nictabolie investigations of 
various tissues, urine and bile. 

Earlier investigations imr'e slnjwii that afti'r 

administration of labelled nieotine to mice, rats 
and dogs up to aiiproximateh- 90',’i of the nii'otine 
or its metabolites are e.vcreted in the urine (Oanz. 
dal., 1951; Bennett et al., 1954). .t. large number 
of nietiibolites has been observed in tlie urine aiul 
several studies htu'e been iicrformed in or<)er to 
identify the nature of these metabolites 
(McKennis et a!., 1957; Owen anti Larson, 195.S; 
AIcKtMinis d al., 1959; Bowman d al., 1959). 

M.^teei.vl a.nu Mbthods. Synlhmis of (—)-riico- 
/ine-iiidfii/l-C".^ Xicotine-methybC" was synthe¬ 
sized by meth,vlating( —)-nornicotine (McKennis 
d al., I901J in the presence of formic acid as 
follows: 0.09 niM of nornicotine, one drop of OOG, 
formic acid anti 0.0S3 inM formaldchydc-C” (0.5 
me) were placed in a half micro test tube. The 

* This investigation was supporterl by a re¬ 
search grant from the Swodisli Tobacco Com¬ 
pany. 

“The authors wish to acknowledge tlie e.vpert 
assistance of Dr. G. Widmark, Univ'ersitv of 
Stockholm, Sweden, who synthesized the C*. 
nicotine, 
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tube wft.s closed with a stopper and healed to lOO'C 
during 2 hours. 

After cooling, the mi.xture was made strongly 
basic with NaOII and 0.95 g NaCl added. The 
nicotine was then steam-distilled into an Erlen- 
mej-er flask containing 5 X hydrochloric acid. The 
distillate was evaporated to drjmess under re¬ 
duced pressure. The residue was dissolved in 5 ml 
water and was again evaporated. Tliis procedure 
was repeatetl three times in order to remove the 
e.xcess hj’droehlorie acid and unreaoted formalde- 
hj’do. Investigation of the purity of nicotine was 
made by paper chromatograph^'. Only one radio¬ 
active spot was observed, the Hi value of which 
(0.80) corresponded to nicotine in the solvent 
system described below'. Tlie (—)-nicotine-inGthyl- 
CH had a specific aetivitj' of 33 Mc/mg. 

Auioradiographi/. White mice weighing about 20 
g were used. In most cases injection of nicotine- 
niethyl-C'* was made intramuscularly and the 
dosage was 10 jag/g corresponding to 0.33 pc/g 
body weight. Two series of mice were sacrificed 2, 
5, 7, 10, 30 minutes and 1, 2 and -I hours after tlie 
injection by immersing Ibcni into a mixture of 
acetone and carbon dio.xide ice. Pregnant mice 
have Ix'en used iti sotne experiments in order to 
study the placental passage of nicotine. Auto¬ 
radiography was performed according to Ullberg 
(1051J. E.vpo.sure was made by apposition against 
-X-rav film (Industrex-Ivodnk, Strueturi.v-Ceva- 
ert). 

.Although the nicotinc-nicfhyl-C'“ synthesized 
had a relatively high .specific activit.i', the high 
toxicit.i' of nicotine did not allow intravenous ad¬ 
ministration without pretroafment. It has been 
reported that barbiturates have a protective ac¬ 
tion again.st death from administration of nicotine 
(Clolfl and Brown, 1935; Larson ct al., 1949), To 
allow intravenous administration, mice (bod.v 
weight 25 g) were pretreated with liexobarbital 
(.30 mg/kg,i. .Approximately 5 minutes after the 
atlmini.stralion of lic-xobarbital 3.3 gg (0.11 pc) C"- 
nicotine per g body weight was injected sloxviy 
intr.nvoiioiisly and the mice sacrificed 5, 10, 30, 60 
minutes and 4 and 24 hours after the admlnistra- 
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tioii of nicotmo. Aiitoradioi;raphy was then per¬ 
formed as mentioned above. 

Procf^dtit'C for the holatton of metahoIitc& in 
itssucs, bile and nnne. Xicotine and its metabo- 
lUes were separated b 3 ’ paper chromatography. 
The tissue was homogenized in water (tissue- 
water, 1:10) and the tissue separated from the 
supernatant by high speed centrifugation. The 
nicotine and its metabolites in the supernatant 
were then carefully extracted at pH 9 with chloro¬ 
form. The chloroform was then evaporated to 
approximateij’ 1 ml. Urine and bile were extracted 
at pH 9 with a large amount of chloroform. The 
chloroform was flieci evapoi’ated to approximately 
1 ml. The chlorofoi'm extracts were then spotted 
directlj’’ on the paper. X rai.xture of 0.5 N ammonia 
water, 95% ethanol and ii-butaiiol (1:1:4 v/v) was 
used as solvent (McKennls cf a/., 19SS). In order to 
obtain the Koenig positive spots the chromato¬ 
grams were epra^'ed with alcoholic p-mninohenzoic 
acid followed by treatment with cyanogen bromide 
vapors. 

The radioactivitx' on the chromatograms was 
detected by autoradiograph^'. The uiitorndiograms 
were prepared by allowing the chi’omatograms to 
remain in contact with IC-ray film (Industrex- 
Kodak) for appropriate periods of time. 

Def€y}7unation of radioactivity. All samples, ex¬ 
cept in the respiratory radiocarbon experiments, 
were counted in a Packard Tri-carb liquid scin¬ 


tillation spectrometer after the addition of 2 m! 
cthunol and 5*ml quantities of 0-5% 2,5-diphen3d- 
oxazole in. toluene. Internal standard of C'^ was 
used to Correct for quencliing and efTicicney of 
counting. 

Re.'ipiratort/ radiocarbon dioxide. In the e.\peri- 
ments where oxpirator 3 ’ radiocarbon dioxide was 
measured the mice (body* weight 25 g) received an 
intravenous injection of 1.6 ^g (0.06 ^c) C^^-nleo- 
tine per g bod 3 ' weight. The animals were then 
placed in an all-glasa metabolic <apparatus for col¬ 
lection of carbon dioxide. The collections were 
made in sodium lu'droxido and a.<^fia 5 *s wore 
made on samples repre.=;enting the total for 2, 
4, 6 and 24 hours. The absorbed carbon dioxide 
was then precipitated as Viariiiin carbonate. 
Radioactive samples were plated directl 3 ' at con¬ 
stant geometr 3 ' on filter paijer and ooiuifed in a 
vviridowless gas-flow counter. 

Bile. Adult male rats weighing appro.viniatel.v 
250 g were used. The rats were anesthetized with 
pentobarbital. A polythene tube was then intro¬ 
duced into the common bile duct. The bile was 
collected at 2, 4 and 6 hours after the intravenous 
injection of a total dose of 0.1 mg corre.cponding to 
3.3MC of C‘^-nicotine. 

Urine. Adult male rats weighing approximately 
250 g and adult male mice weighing approximately 
26 g were used. The animals were injected intra- 
venoush' with 1.0 fO.OO ^e) C^-*-nicot5nc per g 
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Oodv weight and during urine collection were kept 
in metabolism cages for 24 hours. 

Rksults. Tissue distribution studies. The over¬ 
all distribution of radioactivifc 3 ’ after intravenous 
administration of nicotine-niethyl-C''* is shown 
in figures 1, 2 and 3. From these autoradiograms 
it can be seen that the conci'ntration of radio¬ 
activity in all tissues is iiiglier tlian in blooti, 
except at the first time interval tifter iutramus- 
cLilar injection. There is no clear difference in the 
distribution of radioactivitj- between intravenous 
and intramuscular injection. Tlic intramuscularli' 
injected nicotine i.s thus evidently' very rapidly 
absorbed from the site of injection. Judging from 
t!ie autoradiograms the concentration of radio¬ 
activity in blood decreases very rapidly, being 
lower than in the heart and in the skeletal muscles 
within the first 5 minutes. 

Brain, adrenal medulla, bone marrow, stomach 
wall and salivary glands couecntriitc radio¬ 
activity to a consideralile degree immedi¬ 
ately after administration of tiie drug. Other 
tis.siies concentrate to a sranller degree and at a 
slower rate. In the brain the jienk concentration 
is reached within the first 5 minutes. One and 4 
hours after the administration very low radio¬ 
activity is observed in the brain. 'Che radio- 


Nasal Salivary gland Heart 


activity in the pituit'ary is slightly higher than 
in the brain (figs. 2 and 3). 

A very iiigh concentration of radioactivity is 
also observed in the adrenal niedulla (fig. 7). This 
can be obstirved within the first 3 minutes after 
the start of injection and the adrenal medulla 
contains a high amount of activity 1 and 4 hours 
after the injection. In the 24-hour experiment 
no or ^'ery little activity can be observed in the 
adrenal. In some of the mice a rather .sharp con¬ 
centration ha 3 been observed along the border 
between medulla and cortex (fig. 4). The autora¬ 
diographic method employed could not reveal 
any more specific localization in the adrenal 
medulla. 

A high content of radioactivity can also be 
observed in the walls of large blood v'essels (fig. 5). 
Radioactivity is observed 5 minutes after injec¬ 
tion and is considerably higher than in the blood. 
The radioactivity remains high in the blood 
vessel walls for the first 30 minutes after in¬ 
jection. 

Accumulation of radioactivity is observed in 
tiie salii'ary glands. This probably reflects an 
excretory pathway since the concentration seems 
to be high in the sali\’ary ducts. 

The bone marrow contains a high amount of 
activity-. 


Stomach 


Brain Liver Kidney 



mucosa 

Flo. 2. Autoradiogram showing ttic distribution of radioactivity (light areas) in a mouse 15 minutes 
after intravenou.s injection of C'-nicolinc. 

Xotc liigh concentration in the kiclney, the salivary gland and the stomach mucosa. The radioactivity 
in the t>riim also is still high. 
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Bone marrow 



Salivary gland Stomach 

Fig. 3. Autoradiogram showing the distrifmtion of radionetivity (light areas) in a mouse 30 minutes 
after intravenou-s injection of C'hnicotine. 

The concentration is higli in tlje salivary gland and especially high in the atornach content ami adrenal 
medulla. The radioactivity is very low in the brain. 


Adr ena 


The integtitiiil foutmiD always coiitain.? a liigit 
ftmount of radioactivity. X groat |)urt of thk 
radioaofcivity is jmssibly cxcroUnl via fciie Stile and 
the stomacli, Ju a series of autoradiograms (fig. 
ti) taken £, 15 and 30 minutes after the intrave¬ 
nous injection of nicotine the e.vrretion of radio- 
activitj' into tht' stoinacli is jtresented. Five 
minutes after the injcctiou radioactivity is olt- 
.sert ed in the mucosa of the fuiulus region of the 
stomacli but none or at least lery little can at 
this time be seen in the stomacli content, .\utora- 
diograms taken 15 minutes aftar the injection 
.show that an aiipreciablt* amount now is secreterl 
into the Btomaeli content and this is even more 
evident 30 minutes after the administration of 
iileotine. 

'['ho kidneys show a higii activity fi’oni 5 
minutes to 4 hours after the iiijectiou, with a 
maximum during the first hour after iujf'etion. 
Initially, during the excretory phase (see oxvre- 
tion studies), the aetiviti’ is liiglnu' in tlic renal 
medulla than in tlie eorlf'x. The eoiitent of the 
urinary hladrier shows a high activity daring the 
first 4 hours. 

ExiicrimentB witli pi'cgnfdlt mice have sliown 
that nicotine freely passes the placental liarritT. 
Two animals havi* been saerificcd 1.5 minutes and 
1 hour after un intramuscular injection of 
nicotiiic. Figure 7 shows an autorudiograin of a 
innuse I hour after the administration of nicotiiie. 


The content of radioactivity in the fetuses is of 
about the same order of inagnitinee a.s i.n tlu^ 
mother. In the mouse sacrificed 15 naiiiutes after 
the injection the content of radioactivity is 
slightly lower in tlii' fetuses than in the mother. 

h'irrclion stinlivs. The main excretory routa for 
iiieotiue and for its inetalxjlitfs is etc tlie urine. 
Within a h'W minutes after tlie injeetioii radio¬ 
activity can be observed in the renal hilu.s and in 
tlie urinary bladtlcr. 

The i-umulative urinary excretion of radio- 
aef i vity from three rats is shown in figure 8. There.’ 
is a very raiiid appearance of radioaetivit.v, 
almost 50't of tlie injected dose being excreted 
within 2 hours. In the 24-hiun' urine the total 
rmlinactivity amounted to 72,4'i of the injected 
dose (range f)0..S to 7C.9'(), 

Til*’ urinary cxci-ctioii of ruice kept in metabo¬ 
lism cages was also C.stimat-cd for 24 hours. The 
total urinary excretion in 4 mire investigated 
amotiutod to 08.2'',' (range 53.2 to 72.1'"t). 

.Another e.xerctory route for nicotine .ami its 
metabolites sceni.s tu b(‘ na the feces, the main 
('xcretory ])atliways being the bile and the stom¬ 
ach. .1 considerable amount of radioactivity is 
ohsi’i'ved, a? mentioned earlier, in the itomach 
(fig.s. 3 and fi) ami in the gall bladder from .30 
minutes and uji to 4 hours after the injection. 
The c.xcretioli in rat bile during 0 hours 
after i.v. injection is shown in table 1, Be- 
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Fig. 4. The upiier part of the figure shows an enlargement of an autora,fli(3gram I hour after intra¬ 
muscular injection of C“-nicotiue, showing the distribution of radioactivity (lighf areas) in the adrenal 
medulla- 

The lower part is a eovresponding enlargement of the original section. 


twcc'n 2 and S-oTc is excreted in the bile during 
tills period. 

The high concentration of nicotine in salivary 
glands suggests tliiit swallowed saliva might be 
an additional source of intestinal radioactivity. 

The nasal mucosa always contains a very high 
amount of radioactii'ity, and it can be assumed 
that this is another excretory pathway. 

Rc^pirftfory rtjdwi^frrhan. Tlie cumulative excre¬ 
tion of radioactil ity in the exhalerl carbon dioxide 
(.luring a 24-limir period following intnivenous 
injection of C’^i-nicoline is sliown in figure 0. In 
the three groups of 3 mice each 10.7 to ! 5 . 2 o; 
of the injected radio.acthdty was found in the 
expired carbon dioxide. 

IdentifiLalion of urinary and Ixile metabolites. 
Numerous indivi(.iual uriiu' samples from 14 


mice and 3 rats covering various intervals of 
urinary excretion fi’om 1 to 24 hours after ad¬ 
ministration of C"-nicotiae were chromato¬ 
graphed. 

The urine was extractful with chloroform and 
tlie chloroform extract used forjiaper chromatog- 
rapli.v. The strip? after diying were put on. film 
for autoradiographic demonstration of radioactive 
spots. 

Aliquots of the chloroform extracts were placed 
on paper cliromatograius together with samples 
of authentie eotinine, liydroxycotinine and 
desmetlii'lcotinine.’ .Ifb'r the chromatograms 
were developed the Hr values of the nicotine 

® We are indebted to Dr. H. MoKennis, Jr., 
Department of Pharmacology, Jfedioal GoIIcgo of 
Virginia, Richmond, Va., for kindly supplying us 
with samples of these substances. 
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Fig, 5. Eiilargemeut of rLuloradiognim showing the ihstribution of radioactivity Oight areas) in a 
large biood vessel (aorta) 5 minutes after intravenous injection of C“-nicotino, 
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Fig. 0. Auloi'atliogi’aiv'i^ t^hoiving ihc eKcret-ioii of vailioaclivlly lUgkl ai'eaul into tkc atoniaftx con¬ 
tent ill a seriesj of animals sacrificed 5, 15 and 30 niiinites after intravenous injection of C’*-rdcotine. 


metabolites were ooni|iareil with those of the 
staailards. 


have Rf values iilentJeal with those of nicotine 
and nicotine metabolites earlier identified in 


Figure 10 shows a elnvinatogram of luousn otlier species. The sitot with Rf value 0.S6 eor- 
urine 24 hours after the administration of C”- responds to nicotine and the other spots with 
nicotine. Of the radioactive spots oliserved tlirce Rf 0.74 and Rf 0.00 have tiie Rf value.s corre- 
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Fig. 7. Part of autoradiogram sho^ving the passage of radioactivity (light areas) into the fetus of a 
pregnant mouse 15 minutes after intramuscular injection of O'^'meotme. 

The radioactivity in the mother is slightly higher than in the fetus. 

100 ' 

Erci'clion of radioacdviiy in raf bile during 6 hours 

after intravenous injection of C^^-nicolinc 
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3 5 9 24 hr 

Fig. S. Tiie cuninkilive urinary excretion of 
radioactivity' derived after iiitravenone injection 
of C’^-nicotine into rats. 

The graph is a composite of results obtained 
from three animals. 

sjionding to cotinine and h.vdruxycotinine. At 
least 8 nicotine mctabuliti's can be observed in 
the urine. 

Figure 10 also shows tlie radioactive com- 


pountls in samiilcs nf rat urine. The main radio¬ 
active spot in the 2-hour sanijile corresponds to 
unelningrd nicotine while the samples taken 
tictwccn 2 to 4 and 4 to C hours after the injection 
appear to contain less unchanged nicotine and 
more metabolites. The metabolic compounds in 
rat and mice urine seem to be the same. 

In viciv of the high metabolic activits' of the 
liver in transforming nicotine, the metabolic state 
□f radioactivity in rat bile wa.s estimated in 
pooled samples from 2, 4 anil C htitlrs after the 
administration of nicotine. The autoradiograms 
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FtG. 9. Radiocarbon dioxide elimination follow¬ 
ing intravenous administration of C'*-nicotine to 
mice. 

Bach point is the combined value from three 
aniniala. The line is the mean value. 

show two radioactive compounds with the same 
Rf values as nicotine and cotinine, 

^fetabolitfs in some tissues. In order to learn 
more about the metabolism of nicotine, a study 
was made of the radioactivity in the liver, the 
Irrain and the whole fetus. The samples UTre 
fiomogi'nizcd in water and after centrifugation 
tile supernatant was e.'ctractod with ciiloroform 
and the chloroform extract was then chromato¬ 
graphed directly on p.aper. An autoradiogram of a 
jiapor chromatogram from tlie extracts of liver, 
brain and.Jetus is shown in figure 1!. 

It may be noted that both liver, brain and 
fetus seem to [netabolize nicotine to the same 
compound and at appro.ximatcly the same rate. 

The iraper chromatograms sliow only two radio¬ 
active spots. One of the spots had the same Rf 
value (Rf 0.86) and gave the same color with the 
cyanogen bromide-P.VRA method as nicotine 
and the other spot had the same color reaction 
and Rf value (Rf 0.70) as cotinine. On the paper 
chromatograms from liver one Koenig positUe 
spot was obtained which did not contain radio- 
acth ity. The compound hai.1 the same Rf value 
as rlesmethylcotinine. 

The metabolic investigation shows that the 
metabolism of nicotine in the tissues Is very rapid. 
In samples taken 5 minutes after injection the 
main radioactive com|iound is unchangerl nicotine 



Rf 



MOUSE URriME RAT URINE d^NICXlTlNE 
,HR 24 2 4 S 


Fio. 10. Automdiograni of pafier chromatogram 
of mice and rat urine after intravenous injection 
of C^-nieotiue. 

Components: Rf 0.86 is nicotine, Rf 0.74 and 
Hi O.GG presumably cotinine and hydroxy cotinine. 
The other components have not been identified. 

but in the samples taken 30 minutes and 1 hour 
after the injection a metabolite having the same 
Rf value as cotiniue is the main radioactive 
compound. This has to bo considered in judging 
the autoi’adiogrums. 

Dtscussiox. From the results of these experi¬ 
ments with C'4-nicotine it can bo stated that 
nicotine is a substance which, when introduced 
into tlie body, is raiiidly dLstiibuted throughout 
the tissues and body fluids. 

Evidence is presented that nicotine is con¬ 
centrated in target organs such as the brain and 
the adrenal medulla, organs which are established 
to be targets for the pharmacological activitv of 
nicotine. This has not been revealed earlier as 
there are no corresponding studies where the 
distribution of iiieotine has been followed at short 
time intervals after a single dose of nicotine. 
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Liver Brain Fetus 


Fic. 11. Autoradiogram of paper chromatogram 
of liver, brain ami fetus 15 niinnfes after intra¬ 
venous injection of C'-nieotine. 

Components: It, 0.80 is nicotine. R( 0.74 is 
presumably cotinine. 


However, Wcrle and Meyer (1950) demonstrated 
a high coneentration of nicotine in the brain of 
guinea pigs, wldch ttere injected with such a 
large dose of nicotine that deatli ensued. The 
results of Tsujimoto cl al. (1955) also show a 
rather high concentration of nicotine in the 
brain. 

The liigli iiceumuiation of nicotine in the brain 
is oi speciai interest in view of the [iroposed 
central action of nieotine. The effect on [isychie 
functions of nicotine or some otlier compounds 
in the smoke (nicotine metabolites) lia-s been a 
matter of discussion. Thus an improvement of 
memory aiul a slight stimulation in tlie sfieivl of 
oral reading have been reported in some investiga¬ 


tions and denied in othcre (Johnson, 191S-19; 
Di.\on, 1927a,b,c). However, it seems likely tiiat 
smoking has some psychopharmaeologieal effects 
and it can perhaps be stated that the reason for 
the satisfaction obtiiiiied from smoking may in 
one way or anotlmr be related to nicotine, in 
view of the observed tiieotinc concentration in 
the brain in tlie present investigation. 

Tlie liigli coneentration of radioactivity in tFie 
brain appears within a very sliort time after injec¬ 
tion and tlien disappears relatively ra[)idly (coin- 
p.ire figs. 1 and 3). These findings explain why 
Ganz et al. (1951) obseived a- verj:" low concen¬ 
tration of radioactu ity in the brain 3 hours after 
the intravenous injection while ITorle and Jleyer 
(1950) found among tlio highest concentrations 
in the brain of a guinea pig whicli died almost 
immediately after the injection. 

The metabolic investigations iiave shown only 
two radioactive compounds in the brain, one 
being unchanged nicotine, the other one presura- 
ablv cotinine. It soems possible that tlie nicotine 
lias some affinity for brain tissue and that tlie 
reason why the radioactivdty drops quickly is 
that tile metabolic compounri cotinine has not 
the same affinity and leaves tlie brain tissue 
easiiy. Investigations of the metabolic state of 
nicotine in tiie brain and more es:tensi\-c anatomi¬ 
cal and cellutar distribution studies of nicotine 
in the brain arc umler progwes in this laboratory, 
using larger animals aiiri miei'oautoradiogniplii'. 

The high concentration of C“-nicotuic (or ife 
metabolites) in tlie adrenal medulla can be related 
to one of the pharmaeological cffecte of nicotine. 
.-Vfter administration of nicotine a rise in blood 
pressure Ls observed and this effect has been 
related to a secretion of cateehoiamiiies from the 
adrenal medulla (Tainter, 192C; Wmla ci <iL, 
I93S, among others). 

Hiitologieal elianges in Uic ndreiuil medulla 
following acute nicotine .administration liave 
been observed (Handley and Warner, 1939). A 
degranulntlon occurs especiall.y in the ueigliljor- 
hood of the central vein and its tributaries. This 
finciing is consistent with the pliysiologieal effeefcs 
following administration of nicotine, £.g., in 
ganglia. Initially a stimulation occurs, followed 
bj' .1 depression. This is of special interest since 
the secretory cells of the adrenal medulla can be 
looked upon as modifieil ganglion cells, which are 
In intimate connection with cholinergic i>regan- 
giionie fibers of tlie sympathetic system (Woods 
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et aL, 1059). It seems that tlie adrenal medulla 
behaves like a ganglion. We have, howe^'er, not 
been able to observe if the nicotine is concentrated 
in the secreting ceils but ue hope to receive more 
information concerning the cellular localization 
of nicotine in the adrenal medulla using miero- 
autoradiograpliic teelmiquea. 

Wo have not been able to observe whether an 
ilocumuktion of nicotine occurs in ganglion cells 
of mice. The ganglia of mice arc too small to 
give definitive information. Prclimitlarj’ results 
with sympathetic ganglia in cats, however, scorn 
to demonstrate that such an accumulation occurs. 

The autoradiograms have shown an accumula¬ 
tion of railioactivity in the blood vessel walls. 
This accumulation already aiipears on autoradio¬ 
grams taken 5 minutes after the injoetion and 
therefore it seems likeh', altfiough no metabolic 
studies have been performed, that the radio- 
aetivLty represents mostly unchanged nicotine. 
Recent investigations by Bum and Rand (1958 
a,b) have demonstrated that nicotine may exert 
its effect on the blood vessels by liberating 
epinephrine and norejiineplirino since the stimu- 
liiiit action disappears when the animals are 
depleted of cateeliolamines by rcserpinc 
treatment. 

.\nother target organ for nicotine seems to be 
the pituitary. Five [uinutos aftei* the injrctioti 
the radioactivity' is lugber in the i>ituitary tlian 
in the brain and remains so until 1 hour. Burn 
(1951) sliowed tliut during smoking the antidi- 
uretic hormone was released from the posterior 
lobe causing inhibition of diuresis. The i)rcscnt 
finding suggests that the release is due to a [lirect 
action of nicotine on the pituitary instead of via 
a stimulation of tlie sui'raoiitic nucleus and 
adjacent nuclei as suggested by Burn ci tt/. (1945). 

In the cx|)erimpnts with pregnant tnicc vve 
have been able to show that tlie plncenta is 
permeable to nicotine which eai'lier has been 
observed by von Hofstiitter (1923), Morra (10.3.5) 
among othej'S. The metabolic investigations of 
nicotine in the fetus 15 minutes and 1 hour after 
the injection have indicated that approximately 
50^) of the radioactivity is unchanged nicotine 
and that llic other 50'"i lias the same Ri value 
as cotinine. 

The detoxification rate of nicotine by different 
organs lia.s bitlierto been very little iuiestigatcd. 
ITcrle (1938), Werle and ^{i!Iler (1941), Werle 
.and liccker (1942), Werle and I"schokl (194S), 


Miller and Lareon (L95.3) have by tn vitro studies 
shown that liver, lung and kidney may be sites of 
dcto.xication. Findings are divergent for otliop 
tissues such ns brain, spleeu, adrenal, intestinal 
mucosa, skin and blood. 

The present, investigation of the metabolic 
activity in different tissues is rather limited. The 
results, however, iioinfc tu tlic rapid metabolism 
of nicotine in tiie organs and indicate the neces¬ 
sity for further studies. 

It can, liowever, be stated that the metabolic 
rate appears to be apprnxim.'itely the s.imo in the 
organs investigated. Based on chromatographic 
evidence, nicotine seems firstly to be metab¬ 
olized to cotinine. Various routes for this 
meLabolism have been pro]iosed (Melvetinis 
ei ol, 1057, 1058; Bowman cf al, 1059; Huckcr 
ct 0.1., 1900). The cotinine will then be further 
metabolized. In tlie tissues investigated the 
metebolism seems to sto[5 at the cotinine level. 

It should, however, be iiointed out that the 
sensituity of our raethoiis might not be suflicieiit 
to detect very small amounts of other metab¬ 
olites present in the investigati'd tissues. .Vs the 
urine contains at least 8 metabolites it must be 
presumed that these other metabolites arc either 
concentrated in or formed in the kidnc.vs. 

Tlie main excretory pathway of nicotine and 
its metabolites is the urine. Xumerous investiga¬ 
tions have shown that the main products in the 
urine after nicotine administration are metabolic 
|)nj(luets and only up to 10(( can be recovered as 
unchanged nicotine. The present investigation 
confirms tliese results. 

Some of the metabolic conipouildK of nicotine 
have been identified (McKennis ei al., 19C0) and 
a scheme for the metabolism of nicotine lias been 
projiosed. In our in\'CStigatlori at least eight 
metabolic compounds have lyccn observed on the 
paper clwomatogrnms of urinr from mice and 
rats and we have been able to demonstrate 
metabolites with the sami' R( values .as cotinine 
and h.vdroxycotinine, the same metabolic com¬ 
pounds already identified in dog and man. There 
arc, huwcx'cr, utiklentified compounds and the 

dcmethvlated products, c.tr., desmetliyicotiniue, 
are impossible to observe as the C’tuicotmc 
UKcrl is methyl labelled. Tlie i-yntent of radio- 
actii'ity in cxiiircd air rlemnnsf.rates that 
demctliylatiou of nicotine and/or its metabolites 
occurs in mice and confirms the results of 
McKeiinis ct al. (L9G1) in rats. 
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We have in this investigation confirmed the 
dominant role of nicotine excretion via the urine 
but besides that we have noticed other important 
pathways of excretion of nicotine, viz., the bile 
and the Btomach. secretion. Fecal excretion of 
nicotine or Its metabolites has been found earlier 
in the rat and the mouse (Wcrle and ITschold, 
104S; Gana ct al, 1951). This excretion has been 
suggested to come eto the bile (Werle and 
ITschold, 1948). We have demonstrated an 
excretion of 2 to 3% of riidioactivity from, a dose 
of intravenously injected nicotine in the bile 6 
hours after the injection. It is difficult to say 
how much is reabsorbed from the intestines but 
as only approximately 3 to 4% of administered 
radioactivity is found in the feces (Ganz el al., 
1951) it can be assumed that a certain amount 
La reabsorbed in tiew of the great gastric excre¬ 
tion.. 

The gastric mucosa, the other e.xcretory 
path\vay into the gastrointestinal tract, shows a 
high concentration of r.adioactivitj' a very short 
time after injection and later on radioactivity 
appears also in the content. This e.xcretory 
pathway of nicotine and/or its metabolites has 
not been observed earlier. It has, however, been 
observed that nicotine has an effect upon tlie 
stomach mucosa, e.g., hyperemia and a slight 
edema (Westplial and Wesehnann, 1939). 
Nicotine algo inhibits hunger contractions (Carl¬ 
son 1912-13; Carlson and Lewis, 1914; 
Danielopolu ef at., 1925). The high eoneentcation 
of nicotine in the gastric muCOsa found in this 
investigation might be taken into consideration 
as an additional explanation, to the well-known 
Ronnectioa between smoking and gastric ulcers. 

SUMM.iHV 

Mice of 20 g body weight were injected 
intrarauseularly or intravenously with (—)- 
nicotine-methyl-C^^. The distribution was studied 
with an autoradiographic technique. Within 5 
minutes after the injection, high concentration of 
nicotine was found in brain, adrenal medulla, 
stomach wall and kidney. Lower concentrations 
ivure found in, e.g., blood, liver and skeletal 
mOBcles, /U1 tissue concentrations Were higher 
than the blood concentration. The distribution 
following i.v, and i.m. injections was approxi¬ 
mately the game, indicating fast absolution from 
the intramuscular depot. The samp distribution 
of radioaetivity remained in the animals sacrificed 


at 16 and 30 minutes after the injection. There¬ 
after the distribution picture changed ap[3arently 
due to the rapid metabolism of nicotine. 

The metabolic studies indicated that nicotine 
is very rapidly metabolized to a compound which 
presumably is eotinine, 

A large amount of nicotine is e.xcreted into the 
stomach I'ta the fundus mucosa and 2 to 3^ 
excreted t-ta the bile of rat during a d-hour period. 
Sixty to 80% of the radioaetivity was found in 
the urine of mice and rats and 8 to 15% in the 
exhaled carbon dioxide of mice after 24 hours. 
Chroinatographie separatiou of the urine radio¬ 
activity revealed at least S nicotine metabolites. 
Two of these comixumt-ls had the same Rj-values 
on paper chromatograms as eotinine and hydvoxy- 
cotinine. 

The significance of the tissue distribution in 
relation to the pharmaoological effects of nicotine 
and the elucidation of the biological fate of 
nicotine is discussed. 
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